Galaxy formation entails the hierarchical assembly of mass, along with the condensation of baryons and the ensuing, self-regulating star formation 1, 2 . The stars form a collisionless system whose orbit distribution retains dynamical memory that can constrain a galaxy's formation history 3 . The ordered-rotation dominated orbits with near maximum circularity λ z 1 and the random-motion dominated orbits with low circularity λ z 0 are called kinematically cold and kinematically hot, respectively. The fraction of stars on 'cold' orbits, compared to the fraction of stars on 'hot' orbits, speaks directly to the quiescence or violence of the galaxies' formation histories 5, 4 . Here we present such orbit distributions, derived from stellar kinematic maps via orbit-based modelling for a well defined, large sample of 300 nearby galaxies. The sample, drawn from the CALIFA survey 6 , includes the main morphological galaxy types and spans the total stellar mass range from 10 8.7 to 10 11.9 solar masses. Our analysis derives the orbit-circularity distribution as a function of galaxy mass, p(λ z | M ), and its volume-averaged total distribution, p(λ z ). We find that across most of the considered mass range and across morphological types, there are more stars on 'warm' orbits defined as 0.25 ≤ λ z ≤ 0.8 than on either 'cold' or 'hot' orbits. This orbit-based "Hubble diagram" provides a benchmark for galaxy formation simulations in a cosmological context.
The CALIFA survey 6 has delivered high-quality stellar kinematic maps for an ensemble of 300 galaxies, complemented by homogeneous r-band imaging for all the galaxies from the Sloan Digital Sky Survey (SDSS) DR8 7 . This sample of 300 galaxies encompasses the main morphological galaxy types, with a total stellar masses, M * , ranging between 10 8.7 to 10 11.9 solar masses M . CALIFA's selection function is well-defined between 10 9.7 to 10 11.4 M 8 , so that sample results within this mass range can be linked to volume-corrected density functions and global averages for galaxies in the present-day universe.
We construct orbit-superposition Schwarzschild 9 models for each galaxy that simultaneously fit the observed surface brightness and stellar kinematics (see Methods). In this manner, we find the weights of different orbits that contribute to the best-fitting model. We characterize each orbit with two main properties: the time-averaged radius r which represents the size of the orbit, and circularity λ z ≡ J z /J max (E), which represents the angular momentum of the orbit around the short z-axis normalized by the maximum of a circular orbit with the same binding energy E. Circular orbits have λ z = 1, radial orbits, and more importantly box orbits, have λ z = 0; counter-rotating orbits have negative λ z . The resulting probability density of orbit weights, p(λ z , r), is basically a physical description of the 6D phase-space distribution in a galaxy.
Our orbit-based modeling approach is illustrated in Figure 1 for the galaxy NGC0001; it shows the galaxy image and stellar kinematic maps (top) plus the orbit distribution p(λ z , r) of the best-fitting model. For each of the 300 CALIFA galaxies we obtained in this way such an orbit distribution p(λ z , r). Next, integrating p(λ z , r) over all radii r < R e yields the overall orbit circularity distribution, p(λ z ), normalized to unity within the effective radius R e (defined as the radius which encloses half of the galaxy's light). Figure 2 shows these distributions p(λ z ) for the 300 CALIFA galaxies, sorted by increasing total stellar mass M * . There are clear overall patterns, but also a great deal of galaxy-by-galaxy variation. We divide the orbits into four broad regimes: (i) cold orbits with λ z ≥ 0.80 which are close to circular orbits, (ii) warm orbits with 0.25 < λ z < 0.80 which are so-called short-axis tube with still a distinct sense of rotation but already considerable random motions, (iii) hot orbits with |λ z | ≤ 0.25 which are mostly so-called box orbits and a small fraction long-axis tube orbits.
Of the 300 galaxies, 279 are identified as non-interacting, and of these 269 have kinematic data coverage R max > R e . We further exclude 19 objects that could be biased by dust lanes (see Methods). Of the remaining 250 galaxies, about half have a bar which is not explicitly modelled. However, our tests with simulated galaxies (see Methods) indicate no significant effect in the recovered orbit distribution. We thus keep 250 galaxies, of which 221 fall within the total stellar mass range 9.7 < log(M * /M ) < 11.4 (indicated by the red box in Figure 2) , where the CALIFA sample is statistically representative. We use these 221 galaxies to calculate volume-averaged properties, f (x), for those properties represented by functions, f i (x), which can be ensemble-averaged:
where M * ,i is the total stellar mass and V i is the volume for each galaxy i 8 . If f i (x) = p i (λ z ), then the resulting p(λ z ) is the average orbital distribution of present-day galaxies as shown in the subpanel on the right side of Figure 2 .
We can now characterize the importance (within R e ) of cold, warm, hot, and counter-rotating orbits in galaxies of different M * . To this end we divide the 250 isolated galaxies with enough data coverage into eight comparably populated mass bins, and then calculate the average orbital distributions in each bin based on Eq. 1. Note that the bins with the lowest and highest stellar mass are outside the completeness range of the CALIFA sample even after volume-correction. The resulting averaged luminosity fraction (SDSS r-band) of the cold, warm, hot and CR components as a function of M * are shown in Figure 3 . The values are listed in the Supplementary Table 1 and include assymetric errors bars which, in addition to statistical uncertainties, include systematic biases and systematic uncertainties based on careful calibration against galaxy simulations (see Methods).
We find that the cold component (blue) rarely dominates within R e , but is most prevalent among galaxies with total stellar mass M * 1 − 2 × 10 10 M and decreases for more massive galaxies. In most galaxies substantially more stars within R e are on warm orbits (orange) that still have distinct angular momentum. The hot component (red) rises rapidly with increasing stellar mass and dominates in the most massive galaxies with M * > 10 11 M . The counter-rotating (CR) component (black) is roughly constant at ∼ 10% in all galaxies, except in low-mass M * < 10 10 M galaxies where the CR component increases seemingly in favor of a decreasing cold component fraction.
Such stellar orbit distributions have not been derived explicitly for a large sample of galaxies before. Instead, the ratio of ordered-to-random motion and the flattening of galaxies are two commonly used proxies for the angular momentum of galaxies. To have a more direct comparison with current results, we determine from our models two similar proxies and compare them to the orbital circularity.
First, we compute the ordered-to-random motion V φ /σ i per bin in λ z for each galaxy i. Here, V φ is the intrinsic rotation velocity around the minor axis and σ = σ 2 x + σ 2 y + σ 2 z is the intrinsic velocity dispersion. Taking
shown in the top panel of Figure 4 . As expected, V φ /σ strongly correlates with λ z , and is thus a good indicator of the underlying orbit distribution. However, the observed ordered-to-random motion ratio V los /σ los is a projected quantity along an often-unknown line-of-sight viewing angle. Therefore, the combination with the observed galaxy ellipticity is used to constrain the internal dynamics of galaxies 10 . The resulting (V los /σ los , ) diagram allows slow rotator early-type galaxies to be distinguished from fast rotator galaxies 11 . Slow rotators are found to be more triaxial and more massive, dominating above 2 × 10 11 M 1213 . This is in agreement with our more direct orbit-based finding of a gradual increase of the hot component with galaxy mass and dominance above 2 × 10 11 M .
Second, when considering the flattening of galaxies, it is plausible that stars on cold orbits form thin disks as a consequence of galaxy formation. However, from galaxy dynamics per se a spherical galaxy could consist of randomly oriented high-angular momentum orbits, that is still dynamically cold with high λ
y , but random λ z . To quantify the relation between flattening and λ total , we calculate for each galaxy with luminosity density ρ the geometric flattening
. At all galaxy masses, there is a correlation between flattening q i and λ total . We take f i (x) = q i (λ total ) in Eq. 1 to derive an 'universal' mean relation q (λ total ) shown in the bottom panel of Figure 4 . As expected, the previously defined four components in λ z are consistent with the transition from a flat to a spheroidal distribution.
We have a few percent of long-axis tube orbits in triaxial galaxies, with small but non-zero λ total , causing the peak q > 1 at λ total ∼ 0.2.
Our Schwarzschild models thus imply that the cold orbits with high λ total in galaxies always form a highly flattened configuration and only the hot orbits with low λ total form a spheroidal configuration. Consequently, the bulge-disk morphology of a galaxy is generally indeed an indicator of the underlying orbit types, but still an inaccurate proxy 14 due to the significant scatter of q as a function of λ total or λ z . Even so, photometric bulge-disk decompositions show that the bulge fraction of spiral galaxies increases with mass above M * ∼ 10 10 M 16 , which is consistent with the relative increase of the hot component we find. From photometric decomposition of edge-on disk galaxies, low-mass spiral galaxies are found to have disks that are thicker than the main thindisk component in high-mass spiral galaxies 17 . This is also consistent with our result that for galaxies with M * < 10 10 M , despite being mainly disk-dominated Sc and Sd galaxies, the cold orbit fraction drops, while the warm orbit fraction remains high and the fraction of counter-rotating orbits increases. Our finding that warm orbits constitute the majority within 1 R e for all galaxies, except for the very most massive ellipticals, is a new results and also insight. But it may be a natural consequence of galaxies growing inside-out, with those stars born earlier having lower angular momentum 18, 19, 5 .
We find that high-λ z orbits generally form flat and rapidly rotating disks, while low-λ z orbits form near-spherical and slow-rotating spheroids. Our distributions p(λ z ) are therefore a (conceptually improved) alternative to geometric and photometric bulge-disk decompositions, or to the qualitative measures of 'galaxy morphology'. In this sense, our results present an orbit-based alternative to the 'Hubble-sequence', characterizing for the first time the internal dynamical structure for a large sample of galaxies.
Given that CALIFA's selection function allows the correction of the sample to volume averages, our results represent an observationally-determined orbit distribution of 'galaxies in the present-day universe'. They lend themselves thus to direct comparison with samples of cosmological simulations of galaxies in a cosmological context 20, 21, 22, 23 ; p(λ z ), averaged within R e can be extracted directly from simulations. In this sense, our results open a quantitative way -and at the same time a qualitatively new window -for comparing galaxy simulations to the observed galaxy population in the present-day universe. Figure 3 .
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Figure 1: Our orbit-based modelling illustrated for galaxy NGC0001. Panel (a) is a SDSS multi-colour image of NGC0001, while panels (b) and (c) show the CALIFA stellar mean velocity V map and velocity dispersion σ map, respectively. Each of the top panels measures 1 arcmin on the side and the dashed ellipse with semi-major axis radius R e encloses half of the galaxys light in the SDSS r-band. The orbit-based model that best-fits the SDSS r-band image and CALIFA stellar kinematic maps of NGC0001, yields the orbital distribution p(λ z , r) shown in panel (d) as function circularity λ z and intrinsic radius r. The vertical dashed line denotes the SDSS r-band half-light or effective radius R e . Darker color indicates higher probability density as indicated by the grey-scale bar with maximum value chosen such that the sum of all orbital weights is normalised to unity. The orbit-circularity λ z distribution for each of 300 CALIFA galaxies. Each thin slice vertically represents the λ z distribution of one galaxy normalized to unity within the halflight-radius Re. Darker color indicates higher probability as illustrated by the grey-scale bar with maximum value chosen such that per galaxy the orbital weights add up to unity over the 21 bins across the range in λ z . From left to right, the galaxies are sorted with increasing total stellar mass M * as indicated at the top. The red box delineates the range of 9.7 < log(M * /M ) < 11.4 where the CALIFA sample is statistically representative. The right panel shows the volume-corrected average orbit-circularity distribution within this mass range. The right panel shares the y axis of the left panel, while its x axis is probability per bin (with total probability normalized to unity). The cold, warm, hot and counter-rotating (CR) components are divided in λ z indicated by the three horizontal dashed lines. The distribution of orbital components as function of galaxy mass. The CALIFA galaxies are divided into 8 bins in total stellar mass M * as indicated by the extent of the horizontal error bars. For each bin in M * , the volume-corrected average SDSS r-band luminosity fraction within the effective radius R e is computed for each of four orbital components based on a selection in orbital-circularity λ z as indicated by the horizontal dashed lines in Figure 2 . The blue asterisks, orange triangles and red diamonds in panel (a) show the resulting fractions for the cold, warm and hot components, respectively, whereas that of the counter-rotating (CR) component is shown with black upside-down triangles separately in panel (b) for clarity. The vertical error bars indicate the 1σ uncertainties, including both statistical uncertainties as well as systematic biases and uncertainties as inferred from tests with simulated galaxies (see Methods). The relation between intrinsic orbital angular momentum and its two proxies, a galaxy's ordered-to-random motion and geometric flattening. Panel (a) shows the intrinsic ordered-to-random motion V φ /σ as function of circularity λ z . Our division into cold, warm, hot and counter-rotating (CR) components is indicated by the blue, orange, red and white regions, respectively. Panel (b) shows the average geometric flattening q as a function of the total angular momentum λ total . The horizontal error bars indicate the covered range in λ z (a) and λ total (b), whereas the vertical error bars represent the standard deviation.
Methods
We describe below in more detail the orbit-based modeling as well as calibration of systematic biases and uncertainties based on a suite of galaxy simulations.
Stellar Kinematics
The stellar kinematics are extracted from the spectral range 3750-4550Å for the CALIFA V1200 grating, with nominal instrumental resolution of 66 km s −1 24, 25 . Twodimensional Voronoi tessellation 26 is used to create spatial bins with a minimum signal-to-noise S/N = 20. The radial extent of the stellar kinematics reaches at least one (SDSS r-band) halflight-radius R e for 95% of the sample, while 77% reach 1.5 R e , and 39% extend beyond 2 R e .
Stellar masses:
The total stellar mass M * is not inferred from our best-fitting dynamical model, but instead is derived 8 by fitting the spectral energy distributions (SEDs) from multi-band photometry using a linear combination of single stellar population synthetic spectra of different ages and metallicities, adopting a Kroupa 27 IMF. While our dynamical models yield precise measurements of the total enclosed mass, the separation into stellar, gas and dark matter mass is much less certain due to degeneracies and unavailability of cold gas measurements. At the same time, stellar mass obtained through SED fitting is also relatively straightforward to infer from observed and simulated galaxies and thus convenient for comparison of our results with simulated galaxies.
Dynamical models: The orbit-based Schwarzschild 28 method, which builds galactic models by superposing stellar orbits generated in a gravitational potential, is widely used to model the dynamics of all kind of stellar systems. We assume the system is in steady-state equilibrium with the stars phase-mixed. Rather than single stars evolving with time, an orbit represents multiple stars on different positions along the orbit at the 'snapshot' we observe the galaxy.
We construct triaxial Schwarzschild models 28, 29 of 300 CALIFA galaxies in an uniform way as described in a separate paper 30 . In brief, the gravitational potential is constructed with a triaxial stellar component embedded in a spherical dark matter halo. We first describe a galaxy's image (SDSS r-band image is adopted) by an axisymmetric 2D (Multiple Gaussian Expansion) MGE model 31 , i.e., bar, spiral arms, disk warps or dust lanes are not explicitly fitted 30 . Then by adopting a set of viewing angles (ϑ, ψ, φ) of the galaxy, we de-project the 2D MGE to a triaxial 3D MGE which describes the stellar luminosity 31 . By multiplying a constant stellar mass-to-light ratio Υ * to the 3D luminosity, we obtain the intrinsic mass density of stars. The three viewing angles relate directly to (q, p, u) describing the intrinsic shape of the 3D stellar system 31, 29 . We leave (p, q) as free parameters to allow intrinsic triaxial shapes, but fix u = 0.9999 so that the intrinsic major axis projects onto the projected major axis. While the latter is formally only valid for oblate axisymmetric systems like most galaxies, there is no significant change in the results in case of the mildly triaxial giant elliptical galaxies. A spherical NFW halo is adopted, with concentration c fixed according to its relation with virial mass M 200 from cosmological simulations 32 . Thus we have four free parameters in the model: the stellar mass-to-light ratio Υ * ; q and p describing the intrinsic triaxial shape of the galaxy and a spherical NFW dark matter halo mass M 200 . It is a static potential and figure rotation is not allowed in the model. The orbit weights are then determined by fitting the orbit-superposition models to the projected and de-projected luminosity density and the two-dimensional line-of-sight stellar kinematics, here the mean velocity and velocity dispersion maps 33 . We do not use regularization in the model so that the orbit weights are independent from each other and fully determined by the least linear χ 2 fitting.
Statistical uncertainties:
We find these best-fitting models by an iterative search on the fourdimensional parameter space. In the end we select all the models, across the four-dimensional space, within χ 2 − min(χ 2 ) < √ 2N obs . In this manner, we find the galaxy's mass distribution, its intrinsic shape, as well as the weights of different orbits that contribute to the best-fitting model. We adopt √ 2N obs as 1σ confidence level 30 , where N obs is the amount of kinematic data constraints. The mean value of orbit distribution of these models, which is usually consistent with that from the single best-fitting model, is taken as the orbit distribution of the galaxy used in Figure 2 and Figure 3 , although we only illustrate the orbit distribution of the best-fitting model in Figure 1 . The scatter in the orbit distribution among these models is taken as the 1σ statistical error (σ stat ). The error bars in Figures 3 are a combination of the latter statistical uncertainties as well as systematic bias and uncertainties which we determine next with the help of galaxy simulations.
Galaxy simulations:
We evaluate the reliability of our dynamical modeling approach by applying it to simulated galaxies and comparing the resulting orbit distribution to the true orbit distribution directly calculated from the full 6D information of particles in the simulated galaxies.
We use 15 simulated galaxies with different properties (summarized in Supplementary Table 2), 8 massive spiral galaxies with features of warm/cold disk, with/without bars, spiral arms, disk warps or gas, 2 axisymmetric ellipticals (S0s), 2 triaxial elliptical galaxies and another 3 low mass spiral galaxies which are dynamically warmer than the massive spiral galaxies. They are from different simulations: 1 is a pure N-body simulation without gas 34 , while the others are hydrodynamical cosmological simulations, 5 from NIHAO 22 , 5 from Auriga 35 and 4 from Illustris 36 . Cold gas is included in the galaxies from NIHAO and Auriga 37, 38 .
Each simulated galaxy (with long, medium, and short axis x, y, z) is then projected to the observational plane in the following way: we first rotate the galaxy on the plane (x,y) with an angle ψ (ψ only matters when the galaxy is triaxial or has a structure deviating from axisymmetric, e.g. a bar); then we project it to the observation plane with an inclination angle ϑ (the projected angle between the z axis and line-of-sight); and finally we rotate the projected galaxy to have the projected major axis horizontally aligned. We consider projections with different viewing angles (ϑ, ψ) just as the case of CALIFA galaxies. For each spiral, we randomly choose a ψ and create 7 mock data sets with inclination angle ϑ = 30 o − 90 o . But for S 1 we choose three different ψ to test the effect of bar orientation. For each elliptical galaxy, we randomly produce 10 mock data sets with ten pairs of (ψ, ϑ). Finally, we "observe" each projected galaxy and create mock data with CALIFA-like properties 30 . With these 15 different simulated galaxies, we create 131 mock data sets in total, having data qualities and orientations generally representative of the CALIFA sample.
Each of these 131 mock data set is then taken as an independent galaxy and Schwarzschild models are constructed to fit the mock observations and infer the best-fit orbit distribution. Next, we calculate the true orbit distribution from the particles with known full 6D information. For the simulated spiral galaxies, we use a single snapshot and select those particles which are close in energy E, angular momentum L z and the total angular momentum amplitude L. Under the assumption that these particles are on similar orbits in an axisymmetric system, we then compute the corresponding phase-space averages of r and λ z . For the elliptical galaxies that are triaxial, we instead take a time-average approach. We take single-snapshot positions of all particles to calculate the corresponding smooth gravitational potential with a tree code 39 . Within this 'frozen' gravitational potential, we then compute for each particle its orbit starting from the 6D positionvelocity values of the particle in the snapshot. After ∼200 orbital periods, we then calculate the time-averaged radius r and circularity λ z . We checked for two near axisymmeric simulated galaxies that the phase-space average yields a very similar orbit distribution p(λ z , r) as the time average method which is computationally costly.
For each of the 131 mock data sets, the orbit distributions p(λ z , r) obtained by our models generally match well the true orbit distribution of the simulated galaxies (Supplementary Figure  1 and Figure 2 ). To quantitatively evaluate the uncertainties of our results, we integrate p(λ z , r) over r < R e and obtain p(λ z ) within R e . We then further divide the orbit distribution p(λ z ) into cold, warm, hot and CR components and calculate the orbit fraction of each component (f cold , f warm , f hot , f CR ). The model recovered orbit fraction of four components (f cold , f warm , f hot , f CR ) generally matches the true values one-to-one (Supplementary Figure 3) . 
as the relative systematic error to be added to the statistical uncertainty for each galaxy of a given type.
We do not find a clear relation of the deviations d with the complicated features of spiral galaxies; bars, spiral arms, warps or gaseous disk do not seem to bias our recovery of the whole orbit distributions (Supplementary Figure 4) . We divide the galaxies into four groups: 3 low-mass spiral galaxies (with total stellar M * 10 10 M ), 8 high-mass spiral galaxies, 2 near-axisymmetric lenticular galaxies, and 2 triaxial elliptical galaxies. For each group of galaxies, we calculate the average d and standard deviation σ(d) for the cold, warm, hot and CR components as shown in Supplementary Table 3 ; we consider them representative of the relative systemic bias and relative systemic errors of the corresponding types of CALIFA galaxies. The model derived orbit distributions of the three simulated low-mass spiral galaxies are similar to those of the low-mass CALIFA galaxies.
The fit is uncertain for simulated galaxy g2.42e11, which shows an off-center non-symmetric maximum velocity dispersion, which may or may not be physical, but can not be fitted irrespectively. For very face-on spiral galaxies with ϑ < 30 o , the uncertainty caused by de-projection is higher; we have a ∼ 50% chance to significantly over-estimate the cold and CR component fraction, while under-estimating the warm and hot components. In the CALIFA sample, we have only two spiral galaxies with ϑ < 20 o and another five with 20 o < ϑ < 30 o . The stellar orbit distributions of these seven galaxies do not show a typical biased pattern and there is no noticeable difference in our results by excluding them.
Overall uncertainties: In the end, the uncertainties of orbit fractions shown in Figure 3 include statistical errors, systematic biases and systemic errors. The scatter of orbit fractions in the models within 1σ confidence level estimated before are used as statistical errors with typically σ stat ∼ 0.2f model . We obtained systematic biases D = df model and systematic errors σ sys = σ(d)f model from the above tests representing a typical low-mass spiral, high-mass spiral, lenticular or elliptical galaxy. There are n ∼ 30 galaxies in each bin in Figure 3 . We then first take equal length for the lower and upper error bar σ = σ Caveats: In the final sample of 250 galaxies, there are 69 galaxies with strong bars, 52 with weak bars and 129 with no bar, classified by eye. Generally, we find that the barred and unbarred galaxies have similar orbit distributions as a function of total stellar mass, although galaxies with strong bars have a slightly higher fraction of cold orbits. This, however, is a result of bars being more frequent in late-type galaxies with cold disks and less likely in early-type galaxies.
We select 31 galaxies with dust lanes by eye within the 269 isolated galaxies with R max > R e . We find that for the 12 near edge-on galaxies (with inclination angle ϑ > 70 o ), their orbit distributions are comparable to the dust-free galaxies at the same inclination angle regions and same mass ranges. The 19 more face-on dusty galaxies have significant lower fraction of cold orbits and more CR orbits compared to the dust-free galaxies of similar inclination angles and masses. We presume the orbit distribution of the 19 dusty (more face-on) galaxies are biased by our modelling process which does not include the effect of dust. It is hard to either correct the effects of dust in our model or evaluate the effect by testing with simulated galaxies. Thus we exclude the 19 galaxies from the sample, and keep only the remaining 250 galaxies for further consideration.
There are some spuriously high velocity dispersion bins in the outer region of CALIFA data due to the limited spectral resolution 33 . We created new kinematic maps by removing the points with S/N < 20 but simultaneously dσ/σ < 0.2; they usually have a significantly higher dispersions than other bins in the galaxy. Removing these points makes a notable difference in the kinematic map for 50 galaxies, which are mostly late-type spirals. We run the models with the original kinematic maps (no data points excluded) and with the new kinematic maps (points excluded), respectively, for these 50 galaxies. Nearly 90% of the spuriously high dispersion points are in outer regions r > R e of galaxies. The orbital distribution within R e are only mildly affected by these points and do not affect the inferred orbital distribution. For the 50 selected galaxies, we take the orbital distribution from the best-fitting models constrained by the data with these points excluded.
Due to the limited data coverage, we only present the orbit distribution within R e . The over-all orbit distribution of a galaxy could be different in two aspects: first the near-circular cold orbits may be more prominent in the outer regions, and second we use the time-averaged radius r to describe each orbit, therefore, in particular low-angular momentum orbits at their apocenters extend well beyond r, and hence R e . We need kinematic maps extending to larger radii to overcome these caveats. However, the present results could be used for direct comparison with the inner regions of simulated galaxies.
Data Availability Statement The data of Figure 3 are included in the Supplementary file. Other related data that support this study are available from the corresponding author upon reasonable request. Figure 3 in the main paper). The sub/super scripts in the top row denote the range of log M star per bin while in the remaining rows they denote the 1σ lower/upper uncertainty on the fractions of the cold, warm, hot and counter-rotating (CR) orbital components. The 15 simulated galaxies used to test our orbit-based modelling approach and to calibrate the systematic biases and uncertainties. From left to right, the galaxy name, stellar mass M , neutral hydrogen mass M HI , source of the simulations, Hubble types, specific properties, the number of projections taken to create mock data sets, and ranges of the two viewing angles ϑ and ψ (both in degrees). Spiral galaxies are divided into low-mass spirals (Low-S) and high-mass spirals (High-S). A total of 131 mock data sets are created. 
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Supplementary
Supplementary Table 1 lists the values and asymmetric error bars as presented in Figure 3 of the main text. Supplementary Table 2 presents an overview of the galaxy simulations used to test our orbit-based modelling approach and to calibrate the systematic biases and uncertainties. Supplementary Table 3 gives the latter systematic biases and uncertainties which in turn have been included in the asymmetric error bars in Figure 3 of the main text. Supplementary Figures 1-4 show how our modelling approach recovers well the true orbit distributions of the simulated galaxies. Relative deviations of cold, warm, hot and CR orbit fractions from top to bottom, symbols the same as in Figure 7 . The 15 galaxies are sorted according to increasing total stellar mass with names in red being barred galaxies. For the eight high-mass spirals, 5 with a bar and 3 without a bar, we do not see a significantly different/larger deviations of any components that could be caused by a bar.
